We have synthesized the composition x = 0.01 of the (Sr 1-x La x ) 2 (Ta 1-x Ti x ) 2 O 7 solid solution, mixing the ferroelectric perovskite phases Sr 2 Ta 2 O 7 and La 2 Ti 2 O 7 . Related oxide and oxynitride materials have been produced as thin films by magnetron radio frequency sputtering. Reactive sputter deposition was conducted at 750°C under a 75 vol.%(Ar) + 25 vol.%(N 2 ,O 2 ) mixture. An oxygen-free plasma leads to the deposition of an oxynitride film (Sr 0.99 La 0.01 )(Ta 0.99 Ti 0.01 )O 2 N, characterized by a band gap E g = 2.30 eV and a preferential (001) epitaxial growth on (001) SrTiO 3 substrate. Its dielectric constant and loss tangent are respectively Epsilon' = 60 (at 1 kHz) and tanDelta = 62.5 10 -3 . In oxygen-rich conditions vol.%N 2 15 %), (110) epitaxial (Sr 0.99 La 0.01 ) 2 (Ta 0.99 Ti 0.01 ) 2 O 7 oxides films are deposited, associated a larger band gap value (E g = 4.55 eV). The oxide films permittivity varies from 45 to 25 (at 1 kHz) in correlation with the decrease in crystalline orientation; measured losses are lower than 5.10 -3 . For 20 vol.% N 2 24.55, the films are poorly crystallized, leading to very low permittitivities (minimum Epsilon'= 3). A correlation between the dielectric losses and the presence of an oxynitride phase in the samples is highlighted. Highlights • Oxide and oxynitride perovskite films were deposited by magnetron sputtering • Reactive gas containing dioxygen and dinitrogen was used • Strontium and tantalum based (Sr 0.99 La 0.01 ) 2 (Ta 0.99 Ti 0.01 ) 2 (O,N) 7 films were obtained
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Graphical Abstract
Evolution of the permittivity κ and loss tangent tanδ (@1kHz) of (Sr 0.99 La 0.01 ) 2 (Ta 0.99 Ti 0.01 ) 2 (PZT) [1] , Ba x Sr 1-x TiO 3 (BST) [2] or KTa x Nb 1-x O 3 (KTN) [3] , were thus developed with the objective of bringing their Curie temperature (T C ) near room temperature, and therefore, benefit from high values of permittivity, adjustable via an external DC electrical field. The latter property can be used to make frequency agile antennas, i.e. antennas whose resonance frequency can be varied and consequently be used in different standards [4, 5] . In miniature antennas, high permittivity perovskite thin films are positioned as the substrate of planar metallic antennas or are integrated in localized components such as capacitances [6] . Agility and miniaturization are two applications targeted for the materials presented in this paper. water-splitting reactions [9, 10] , and very high permittivities [11] [12] [13] [14] , with a potential use in agile and/or miniaturized antennas. Some reports concern these oxynitride compounds in the form of thin films [15] [16] [17] .
In recent years, our research has been concerned with the deposition of oxide and oxynitride perovskite films for a use in electronic and telecommunication devices such as antennas. We have recently reported on SLTTO and SLTTON films deposited by reactive rf magnetron sputtering using Ar + O 2 or Ar + N 2 plasma, respectively [18] ; the resulting films were epitaxially grown on (001) MgO substrates. The objective of the present study is to determine whether a mixture of the SLTTO and SLTTON compounds could be obtained using an original reactive plasma, containing Ar and both O 2 and N 2 . Considering that free energies of formation of oxide compounds are lower than those of oxynitrides [19] , this sort of dual-reactive medium has rarely been used up to now for the deposition of films using an oxide precursor [20] . Usually, on powders, an oxide precursor exposed to an oxidizing and M A N U S C R I P T
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nitriding atmosphere leads to a stable oxide, whereas an (oxy)-nitride or metallic precursor under an oxidizing and nitriding atmosphere (O 2 /N 2 , for example [21] ) can lead to an original oxynitride material. Here, the synthesis of the compounds as thin films, using an energetic deposition process such as sputtering deposition under dual-reactive plasma, allows us to consider that this (oxy)nitride synthesis route could be tested. Furthermore, as detailed hereafter, the mixing of SLTTO and SLTTON materials was intended in order to reduce the dielectric loss of films.
Given the very small amount (1%) of the La 2 Ti 2 O 7 material in the synthesized compounds, we will discuss our results in reference to closest compounds, Sr 2 concerning the ferroelectric properties, in particular their temperature dependence, will concern other samples and will be presented in a separate paper.
Materials and Methods
Film deposition is carried out using rf reactive magnetron sputtering in a Plassys Table 1 gathers different characteristics of the as-prepared films, such as their thickness, band gap and Lotgering factor, as well as the reactive N 2 /O 2 mixtures used for the depositions.
Results
Reactive sputtering and deposition rate
Before the series of deposition, an OES study of the plasma was carried out to investigate the poisoning of the oxide target during reactive sputtering with dioxygen and dinitrogen. Figure 1 presents the evolution of the intensity ratio of the emission peak of Concerning the series of deposition, Figure 2 shows the evolution of the deposition rate as a function of the composition of the deposition plasma (we remind that pre sputtering is performed under the same atmosphere as the deposition). We observe a gradual increase of the deposition rate when the percentage of dinitrogen in the sputtering gas increases, with a greater increase around vol.%N 2 = 20. Figure 2 also draws the evolution of the intensity ratio of the emission peak of dinitrogen vs. argon (measured by OES at the end of the presputtering, just before the deposition): the two curves show similar trends, with an inflection point between 15 and 20 vol.%N 2. These behaviors are relative to the poisoning of the oxide target when sputtered by dinitrogen and will be explained later in the article based upon the results of deposited films.
Optical characterization of films
Transmittance measurements show that films synthetized with dinitrogen ratio between 0 and 24.55 % are transparent in the visible region and lead to band gaps around 4.55 eV, as seen in Table 1 and Supplementary 
Dielectric characterization of ceramic and films
Dielectric properties are measured at 1 kHz. This frequency is chosen because, beyond this value, dielectric losses of the oxide materials are too low (tan < 10 -4 ) and cannot be measured by our experimental setup.
Dielectric measurements performed on the oxide SLTTO ceramic give the following values: permittivity κ ceramic = 54 and dielectric losses tanδ ceramic < 10 -4 . This emphasizes moderate permittivity and very low losses.
For the films, the evolution of the permittivity κ and loss tangent tanδ as a function of the dinitrogen and dioxygen percentages in the sputtering plasma is depicted in Figure 6 ;
values are detailed in Table 2 .
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
The permittivity values are in the range 39 -45 for the films deposited with vol.%N 2 10. Above this threshold N 2 amount, the films permittivity significantly decreases to a minimum of κ = 3 for vol%N 2 = 23.25. On the other hand, the film deposited at vol.%N 2 = 25 has the highest permittivity (κ = 60).
Concerning the losses, the lowest values can be obtained for vol.%N 2 15 (tanδ ∼ 3.5 -5.0 10 -3 ); above losses increase up to a tanδ of 62.5 10 -3 for vol.%N 2 = 25.
Discussion
All the results of the present study point out a significant change in the reactive sputtering mechanism at a plasma dinitrogen percentage at 15-20 vol.%.
The curves presented in Figure 2 shows higher sputtering and secondary electron emitting yields than an oxide target [36, 37] deposition rates are here logically higher for oxynitride than for oxide films. The presence of the oxynitride phase will explain their increased dielectric losses, as already mentioned for oxynitride ceramics compared to oxide ones [11] . Given the epitaxial "cube on can't the amount of nitrogen in films be controlled by this way.
Concerning the dielectric performance of the oxide materials, results obtained on the SLTTO ceramic can be compared to those of the oxide SLTT-0 N2 -25 O2 film. The film permittivity is slightly lower (κ = 42) than that of the ceramic material (κ = 56) and the losses are at least higher by one order of magnitude. These values are in the range of those measured on Sr 2 Ta 2 O 7 films (κ = 20 -95 [22, 24] ). The performance gap between ceramic and film is also in agreement with literature reports. Grain size is the key parameter that could affect the dielectric characteristics of films compared with ceramics [39], because smaller grains in films induce more grain-boundary dead layers leading to a low permittivity. Here, as measured by SEM (Figure 7) , the grain size is estimated at φ ∼ 100 nm for the film and is in the range 1 -10 μm for the ceramic. Finally, our study shows that the dielectric characterization, beyond giving values to evaluate the integration of films in electronic and telecommunication devices, act as a complementary characterization of compounds containing nitrogen and can be as (more) sensitive than other methods. 
Conclusion
